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FOREWORD

Classified material has been removed in order to make the information
available on an nnclassified, open publication basis, to any interested
parties. The effort to declassify this report has been accomplished
specifically to support the Department of Defense Nuclear Test Personnel
Review (NTPR) Program. The objective is to facilitate studies of the low
levels of radiation received by some individuals during the atmospheric
nuclear test program by making as much information as possible available to
all interested parties.

The material which has been deleted is either currently classified as
Restricted Data or FPormerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication,

The Defense Nuclear Agency (DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA also believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.
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ABSTRACT

The primary cbjective was to measure neutron flux ard gamma-ray {lux versus range and time
from missileborne, megaton riclear detonations (Shots Orange and Teak) at high altitudes by
means of instrumented pods that were to be ejected, during the missile thrust period, at times
that were selected to position the pods at predetermined distances {rom the burst.

For each shot, a Redstone missile carried aloft’ along with three instru-
mentation pods that were ejected ballistically at preactermined times.

The neutron spectrum of the device was measured by the time-of -flight method. Plastic
scintillators were used for measuring the fast-fusion neutrons; Li'l scintillators, the slower,
fission neutrons; normal Lil scintillators, the gamma-ray background; Csl scintillators, the
prompt gamma-ray integral; KBr detectors, the integrated gamma-ray dose; and nonscintillator
blanks. any interfering signals such as electromagnetic or gamma-ray background effects.

Neutron da‘*a was obtained from Pods 3 and 4 during Shot Tedk and Pod 4 during Shot Orange,
which were at slant ranges of 15.84, 53.74, and 29.45 km, respectively,_at the times of detona-
tion. The peak 14-Mev neutron flux rate at Teak Pod 3 was found
The measured {lux of neutrons, with energies between 3 and 12 Mev, for Teak Pod 3 was

Similarly, the measured 3-to;12-Mev neutran {lux at Teak Pod 4 was about

and at Orange Pod 4 was With 2 conversion factor of

5.5 x 10™" rep/(n/cm?) for the 3-to-12-Mev region and with a relative biological effectiveness
(RBE) factor of 10, the fast-neutron dose at Teak Pod 4 (22 8-km altitude) is found

and at Orange Pod 4 (20.01-km altitude) The altitudes of both of these
pods are, of course, accessible to manned aigcraft.
Total gamma doses from 0 to 12 ¢ msec' were measured at Teak

Pods 2, 3, and 4, respectively. Orange Pod 4 over the same time interval received 2 gamma-
ray dose’

Telemetry \= 240 Mc) signal stre. -gths of all pods were measured during their lifetimes.
The signal levels of Pods 4, for botl shots, recovered to their preshot levels within 0.1 second
after burst. The signals from Pods 2 and 3 were blacked out (fell below noise level) for approxi-
mately 45 seconds for Shot Teak and 20 seconds for Shot Orange.
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FOREWORD

« %

This report presents the final results of one of the projects participating in the military-effect
grograms of Operation Hardtack. Overall information about this and the other military-effect
projects can be obtained from [TR-1660, the “Summary Report of the Commander, Task Unit
3.” This technical summary includes: (1) tables listing each detonation with its yield, type,
environment, meteorological conditions, et..; (2) maps showing shot locations; (3) discussions
of results by programs; (4) summaries of objectives, procedures, results, etc., for all projects;
and (5) a listing of project reports for the military-effect programs.
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PREFACE . : T

The authors planned originally to participate in Shot Yucca (VHA-Project 2.7) only; however, T
the inclusion of Shots Teak and Orange led to the establishment of Project 2.8 using similar L
instrumentation techniques.

Personnel of the Nucleonics Division of the U.S. Naval Research Laboratory (NRL) planned
the experiment, designed and produced most of the experimental equipment, and staffed the
field project. The valuable assistance provided by the Instrumentation Branch of the Radiation
Division of NRL (G. Wall, P. Schifflett, W. Weedman, G. Brotzman, and L. Bowles), which
afforded the timely completion of the many printed circuits, is greatly appreciated. The pod
mechanisms were designed and {abricated under the supervision of the Army Ballistic Missile
A(ency (ABMA). Assistance and advice on the use of the pods as instrument carriers are
greatly appreciated.

The authors express their appreciation to the following individuals for discussions that were
especially helpful in the planning and analysis phases of this experiment: to Drs. B. Watt and
J. Malik of the Los Alamos Scientific Laboratory (LASL) for their very helpful comments with
regard to possivie elfect and resvits; to Dr. G. Bing of the University of California Radiation
Laboratory (UCRL) for discussions and information in connectton with the neutron energy spec-
trum of the 3 wund to Dr. W. Biggers, LASL, who gave generously of ais time in
discussing e calculation of the air-scattering of neutrons using the Monte Carlo method.

The heip of Mr. E. Cutler, NRL, with the many numerical computations in the {inal analysis
of the neutron calculations, is greatly appreciated.
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C.12 PCO clrcuit, low frequency----«=-==« = sv=vecemcceomccocaancacn
C.13 PCO circuit, highfrequency =----=====ceccccccecmcccueccccase
C.14 Calibrator circult === -cccccmce ccccmcceccneccmcncnccnaacenae
C.15 Voltage regulator--=--+-cc-eece e ccceccecccccccnnmcnccacaca
C.16 Log-Rchassie-c-vcrcccecccecoacacncaescccamcenccsccancan
C.17 PCO chassis;, highfrequency-----=-c-ccccencaccccccacsnccacns
C.18 TimerchassiS--«-c--c-daccecccccecr cencacncncacecnmnacnax
C.19 Timerchagssif--ccccccccccaccmcncecrcecacnnnccccecccaacans
C.20 Peakreader ----e=-ccccceccccacanccocacanncsecmcnenccecnoas
C.21 Peak-reader-and-hold chassiB-««co-ceccccccccccccnnccccncaccna
C.22 Integrate-and-hold chass{s ------eccccccccccaccnvccenacnanccnn
C.23 Detector cathode {OlloWer == -« - = vcecccccocececeaccncecnannnn o
C.24 Pod chassiS rack---cecccmcecccnrcacoccnccnnvecccnsscccncaca
C.25 Pod chassis racke--cccecccccccncececccceecccacencceccnans
C.26 Completed pod racks, fropt-«---ccccece e cccreccceccccecccaans
C.27 Completed pod racks, rear <==--=-ccecccccccccccccancccen EaEE .
C.28 Definitions of timing values--« e v ccvcceccemcccacacanccccanccan
C.28 Biock diagram of a {requency channel, shown In record modg <~--evveceo--
C.30 Block diagram of an amplitude channe; in record mode-«---- - ceacenea-
C.31 Block diagram of transfer channel =« evcceccccccmemccanceccccanann
C.32 Vertical {ield pattern for four-turn helical telemetering antenna -----cv---
C.33 Horizontal field pattern for four-turn helical telemetering antenna - ---< - -
C.34 Block diagram of receiving station =« <= ~= ccvcececcceccccacaacaans
D.1 Calibration equipment -« -=cccccccncmeacncccnececomcacancnn=
D.2 Log-R calibration Curve«-=-e«-ccc-cccceecaccccccncacccacacaas
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Chapter 1

INTRODUCTION

1.} OBJECTIVES

The primary objective was to measure neutron {lux and gamma-ray flux versus range and
time from missileborne, megaton nuclear detonations (Shots Orange and Teak) at high altitudes
by means of instrumented pods that were to be ejected, during the missile thrust pertod, at
times that were selected tu position the pods at predetermined distances from the burst.

Specific objectives were as {ollows:

1. Neutron {lux versus time was to be measured at each of three pod positions during each
shot. The two upper pods (Pods 2 and 3) in each case were ‘o be close enough to the burst
points (Orange = 100,000 feet and Teak =250,000 fect) to be essentlally free of atmospheric scat-
tering effects. The lower pods (Pods 4) were to be at altitudes accessible to manned aircraft.
Neutron time-of-flight techniques could be used on the neutron-versus-time data {rom the upper
two pods to obtain the neutron energy spectrum of the device. In the case of the lower pods,
atmospheric scattering would be appreciable and time-of-flight techniques would be gossible
only durtng times which are comparable with the time of arrival ¢! the 14-Mev neutrons. At
later times the lower pods were to be used only to obtain information about the neutron dose rate.

2. A measurement of gamma-ray dose rate versus time was sought from each pod during
each shot. Provisions were made for measurement of the integril gamma-ray dose received
before the arrival of the 14-Mev neutrons, the i-tegral dose occurring within the first 120 msec,
and the dose rate versus time from the time of gamma-ray arrival until the pods {ell into the
sea. Detectors with similar gamma-ray sensitlvity but with di{ferent neutron sensitivities were
included in order to separate galnma-ray and neutron effects.

1.2 HISTORICAL AND EXPERIMENTAL BACXGROUND

Early predictions of the effects of nuclear weapons detonated at high altitudes resulted in the
high-altitude (HA) shot during Operation Teapot (Reference 1). Further studies and calculations
showed the feasibility and the desirability of testing large-yield devices at higher altitudes (Ref-
erences 2 and ). The plans for Shots Teak and Orange resulted from service requirements
based on estimates of military elfectiveness of high-altitude detonations.

Although only a small part of the energy of a nuclear detonation appears as nuclear radiation,
the low atmospheric density at high altitudes permits both gamma rays and n utrons to penetrate
great distances. The effects of the neutron flux will be substantial at altitudes now accessible to
manned aircraft. Although theoretical estimates (References 1, 2, and J) have been made of
these effects, it was desirable to make measurements to provide check points and to give con-
fidence in the calculations.

Because the information from the pods was to be telemetered to a ground station, it was nec-
essary to consider the effects of the detonation on the transmission path. U the period during
which the transmission is blacked out extends beyond the time of arrival of the 14-Mev neutron
component, it is necessary to delay the transmission until blackout recovery.
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From the telemetry records of the shock and blast informatton during the HA shot of Opera-
tion Teapot, the fonization produced by the nuclear and thermal radiation absorbed the signal
from the closest canister for a substantial period of time (References 4 and 5). Early feasibility
sq;dlcf {or testing nuclear devices at high altitudes (Reference 2) incluied a consideration of the
effects of fonization on radio wave propagation. The magnitude and duration of attenuation were
calculated on the basis of three-body recombination and on estimated values of the collision fre-
quency. However, because this calculation did not consider three-body attachment of electrons
to oxygen molecules, it was inadequate for estimation of blackout duration.

Project 6.6 of Operation Redwing (Refcrence 8) made a measurement of radio wave attenua-
tion versus time, with 1-usec resolution, along a radial path at sea level. Tiue analysis of the
results of this measurement, utilizing resuits of recent ‘neasu-ements of the three-body elec-
tron attachment coefficien: (Reference 7), indicated an electron rew. val time of from 1 to §
shakes (1 shake = 10" second). The essential uncertainty in this value is due to the uncertalinty
involved in scaling the gamma-ray output of nuclear devices with yield.

Project 2.7 of Operation Plumbbob (Reference 8) was established to gain information on
radiation-detector design, which would be valuable in the development of detectors for the pres-
ent project and to field-test telemetry equipment in nuclear radiation environments. Measure-
merts of attenuation versus time were made simultaneously with gamma-ray measurements, in
order to remove gamma-ray scaling uncertainties in the deduced value for the electron removal
times.

From considerations that can be found in Reference 6, it was shown that the measured atten-
uation at sea level could be accounted for by assuming that electrons, after having been ther-
malized, are removed by three-body attachment to oxygen molecules. Because this s a three-
body removal process, the electron removal rate is proporticnal to the square of the pressure.
In the worst possible case —the telemetry link {rom the upper pod-—the blackout time can be
estimated as follows. The ratio of the pressures between sea level and 65 km (the altitude of
the upper pod was ~ 67 km) is 0.67 x 10*. [ the removal time as found in the Redwing and
Plumbbob data is multiplied by the square of this ratio, the electron remcval time at 65 km is
about 1.4 second. Consequently, the blackout period could be of the order of seconds, and it
was therefore neces-ary for each pod to contain a data-storage system that could record the
data and read it out ~fter blackout recovery.

1.0 THEORY

The high aititudes chosen for Shots Teak and Orange made the use of time-of-flight techniques
feasible for measuring the neutron energy spectrum of the device. Under these circumstances,
it can be assumed that the neutrens from the device are emitted {n a time period that {s short
compared with the time require for them to reach the detectors. Then the transit time (7)
from the device to a detector for an unscattered neutron of energy E is,

r = I{m/2E)\® : (1.1)

Where: ! = distance uf detector from the device
m = the mass of a neutron

I scattering is neglected and dN(E)/dE is the number of neutrons emitted from the source per
unit energy range and into unit solid angle, then the number of neutrons that arrive at the loca-
tion of the detector per unit time per unit solid angle is gtven by

dN(T) _ dN(E) Pm _ dN(E) (2E)'3
T E 7 T dE  m” 1.2)

Because the ineasured quantity in this experiment is N(7), the energy spectrum of the device,
N(E), can be found.

The fiducial marker, relative to which neutron arrival times (T) are measured, was chosen
to be the arrival at a pod of the prompt gamma-ray pulse. If the distance () from a pod to the

12




burst point 1s known, the neutron transit time (r) is
r =T+ /e

where ¢ is the velocity of light.

(1.3

A complication in the interpretation of the measurement arises {rom the Jetection of scattered

neutrons that arrive at times not simply related to their energies.

In order tc estimate the frac-

tion of the total signal from the neutron detectors due to scattering effects, it was necessary to
perform a Monte Carlo calculation of the intensity of scatteced neutrons as a function of time. A

description of this program and a2 summary of the results are given in Appendix A.

The interpretation of the experimental results is further compiicated by the fact that the effi-
ciency of a detector is a function of neutron energy. Because of this, a basic part of the calibra-

tion of the neutron detectors was a measurement of the sensitivity as a function of neutron energy.
The results of this calibration are given in Appendix B.

The high-frequency response requirements of the data-handling systems are dictated by the

rise time of the 14-Mev neutron pulse at the detectors.

This group of neutrons, which are a

product of the H®(d,n) He* reaction, have an energy width due to the nuclear temperature of the
reacting mass (References 9, 10, and 11). The half width at half maximum of the 14-Mev neu-
iron distribution function is shown in Reference 11 to be given in Mev by AE = 5.59 /KT, wher=

kT is a measure of the nuclear temperature.

permost pod to* at the lowest pod.

If it {s assumed that kT =
device, the rise_times of the 14-Mev signal at the different pods vary from
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Chapter 2

PROCEDURE

2.1 OPERATIONS

Field equipment installations were planned for operational readiress on 15 July 1958. Opera-
tions in the field were closely coordinated with those of the Army Ballistic Missile Agency
(ABMA). One of three instrumentation vans was located near the ABMA bunker and contained
support materials and instruments for the telemetry receiving station. This van was also used
to develop telemetry records. The receiving station facilities, supplied and operated by the
Cooper Development Corporation, were installed within the blockhouse. The other two vans
contained the pod-checkout equipment and were located 2t a special ramp north of the launching
site. On the ramp between the two vans, an insulated, air-conditioned Butler building was bullt
by project personnel. The pods wer2 delivered to the field with the Redstone shipments and were
prepared {or use in the Butler building.

Four pods were carried aloft by a Redstone missile for each shot. On both shots, Pod 1
(closest to the detonation) was allocated to Project 8.6 for X-ray studies. Pods 2, 3, and 4
were used by Project 2.6 for nuclear radiation measurements. Table 2.1 contains the positions
at burst times of the pods and missiles for Shots Teak and Orange. -

2.2 INSTRUMENTATION

The instrumentation in the pods consisted of detectors, a tape recorder, a commutator, a
telemetry transmitter, and electronic circuits to encode the detector signals. Mechanical com-
mutation was required to transmit the eight channels of magnetic-tape information {n sequence.
Electronic gating was used to record the portions of the signal for which each detector was de-
signed. Appendix B describes the detector design and gives the signal levels to be expected.
Appendix C describes the general instrumentation.

2.2.1 Pods. For both Teak and Orange, Pods 2 and 3, the near pods, were similar except
for time constants. Pod 4, the far pod, during both shots had circuitry similar to the near pods,
but was used differently because of the interference by scattered neutrons and late gamma rays
from neutron interactions in the atmosphere. Eleven pods were suppliied; three for Teak, three
for Orange, and {ive spares. Two of the spares were not completely instrumented, but were so
prepared that they could be adapted for use as either far or near pods by an appropriate choice
of instrumentation in the {ield. An instrumented pod, with the center skin section removed, {s
shown in Figure 2.1.

2.2.2 Receiving Installations. The telemetry receiving facilities consisted of four operating
receivers, a tape recorder, six oscilloscopes with recording cameras, data-r.duction equip-
ment, and oscillographs. Details of this system are given in Appendix C

2.2.3 System Calibration. The detectors were calibrated in advance at the Naval Research
Laboratory (NRL). Additional {icld calibration checks were made with a 5-curie polonlum-
beryllium neutron source and a S-curie Co* gamma-ray source. These calibrations, described
in Appendix B, were used to convert detector currents to neutron {lux and gamma-ray flux.

14
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Calibration checks of all pod circuitry and receiver links were made in the {ield during the
preparation phase (Appendix D). During the period between pod ejection and detonation time,
a serles of internally programed calibration signals were transmitted in order to check the
calibration and the in-flight operation. ’
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2.2.4 Redundancy. Redundant trformation channels are frequently added to telemetry systems
to increase the probability of obtaining data. Channels are also {requently duplicated to increase
the dynamic range. In the pnds used during Operation Hardtack the number of channels was se-
verely restricted by space and weight limitations. Some of the advantages of redundancy were
gained by use of channel time sharing, by coding information in two or more ways, by direct
recording of data, and by using detectors for primary and secondary purposes, e.g., the Pilot-
B detector measured 14-Mev neutrons and prompt gamma rays. The use of more than one pod
at each shot was the only redundancy that could be provided against system [allure, such as
power supply failure or failure of the internal pod program. This redundancy was available to
a certain extent for Pods 2 and 3 on each shot, because scattering conditions were similar.
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2.3 DATA REQUIREMENTS

2.3.1 Reliability. The first briefing received by Project 2.6 personnel concerning the possi-
bilities of Teak and Orange shots was in February 1957. During the following weeks the project
became established, and in April 1957, it was proposed that neutron flux be measured by time-
of-flight methods, assuming that the instrumentation stations would be near the detonation and
that atmospheric scattering would be negligible. Interest in neutron effects in the lower atmos-
phere, which grew out of the calculations in Reference 3, originally prompted the placement of
two instrumented pcds at altitudes accessible to manned aircraft. However, because a pod was
transferred to Project 8.6 for use in an X-ray experiment, only Pod 4 remained for this service.
The time-of-{light analysis of far-pod neutron data becomes somewhat complicated because of
atmospheric scattering.

1 Data requiremen.s fell into two groups: (1) those resulting from the original proposal for
near stations (Pods 2 and 3) and (2) those for the far stations (Pod 4). For the former, the ob-
jective remained to measure the neutron energy spectrum by the time-of-flight method and the
neutron flux as a function of time. The chief design problems iuvolved the choice of appropriate
sensitivities and dynamic ranges This requirement m:de it imperative that good estimates of
. expected fluxes be made, charaels with overlapping sensitivities be used, and a signal compres-
sion system be employed. Estimates of the expected signal are found In Appendix A. Because
of weight and space iimitations, the number of channels of overlapping sensitivity had to be kept
to a minimum. Signal compressiun was obtained by the use of logarithmic load resistors on the
detectors (Ap,.endix 7).

Complexities in \t ¢ expected neutron signals for the far pods were such that no plans were
made for a time-cf-(light analysis of the whole spectrum. Because the scattering calculations
(Appendix A) showed that the 14-Mev neutron signal would not be greatly complicated by scat-
tered neutrons, this group could be measured and analyzed. At later times, the signal from
scattered ieutrons becomes comparable with the direct neutron signal, hence only dose measure-
ments could be made.

Data required from ABMA consisted of predictions of pod locations at time zero, to 10 per-
ceit and postshot determinations of the actual locations of the pods to ¢+5 percent.

2.3.2 Recording Methods. The stiandard telemetry transmitters in the pods were used in a
nontypical fashion. Slow data (narrow band width} were transmitted on standard Research and
Development Board (RDB) subcarriers of an FM/FM system and were recorded on an Ampex
tape recorder in the receiver staiion. The data were anaiyzed with standard discriminators
and plotted with an oscillograph. Rapidly varying signals (wide band width) frequency-modulated
the transmitter directly. This information was presented on oscilloscopes and was photographed
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with moving-film cameras. A third type of signal amplitude-modulated the transmitter 30 per-
cent. This signal was extracted {rom the [F amplifier of the receiver, ahead of the discrimina-
tor, and was then amplified further, detected, and recorded with an oscillograph.

TABLE 2.1 ACTUAL POD AND MISSILE POSITIONS AT BURST

The origin for the coordinate system is the missile launch point.
The coordinates and slant ranges are in kilometers.
Missiles Stant

Ao :
2nd Pods South Altitude \West Range®

Teak missile -0.97 76.31 0.69 —

Teak 2 -1.26 66.26 1.24 10.07
Teak 3 -0.61 60.47 1.18 15.84
Teak 4 -0.9% 22.80 0.34 53 74

Orange missile 41.69 12.93 0.93 _—

Orange 2 35.30 35.18 0.9% 9.64
Orange 3 22.58 31.37 0.88 14.77
Orange 4 23.27 20.01 0.2% 29.45

* Slant range is with respect to the burst point.
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Figure 2.1 Instrumented pod with center shell removed.
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iﬁ Chapter 3

- RESULTS AND DISCUSSION

3.1 GENERAL PERFORMANCE

Telemetry signals were received {rom all six pods after the initial blackout period, ani the e
signal strength as a function of time was recorded for each pod at the ground station. Because i 3
the signal channels that were to record the 14-Mev pulse shape contained only large uninterpret-
able fluctuations, useful 14-Mev pulse-shape information was not obtained from any pod. This . .
failure may have been due to the fact that the 14-Mev neutron pulse was strongly reduced be- B e

cause of the marginal high-frequency response of the tape recorders, causing the signal to be g
3 obscured. i sk
[ In general, the requirements for the measurement of gamma-ray intensities as a function of T
: time were not met. The exact reasons {ur the loss of early (0 to 120 msec) gamma-ray time s T

history are unknown, but may be attributed in part to excessive leakage currents, due to toniza- -
tion, in the detector systems and to a malfunction of the high-{requency telemetry subcarriers. L
The failure of the late gamma-ray time history (120 msec to several seconds) was apparently
due to lack of sensitivity. However, measurements of the integral of the gamma-ray Intensity
were made nver three time intervals, and from these measurements, a coarse zamma-ray time
history up ta 120 msec can be constructed.
The remaining attempted measurcments met with varying degrees of success as shown in
Table 3.1.
With the exception of the general failures discussed above, Pods 3 and 4 during Shot Teak
and Pod 4 during Shot Ora.ge performed satisfactorily, and the data from these pods constitutes
the major portion of the experimental results.
; An apparent failure of the high-voltage supply in Pod 2 during Shot Teak caused the loss of
1 all data dependent upon detectors which required this voltage; however, the KBr detector per-
formed satisfactorily, because it did not require a high-voltage supply. _
N Pod 2 during Shot Orange yielded signals that indicated that it performed successfully, but
large variations in the speed of the tape recorder made it impossible to recover any useful data.
The signals received from Pod 3 during Shot Orange indicated that the initiating trigger pulse
was absent or ineffective; consequently, the pod remained in its preshot condition. Because the
erase head was not disabled, any information that might have been recorded in this pod was im-
% mediately erased.

2 3.2 POD AND MISSILE TRAJECTORIES -

The pod and missile trajectories for Shot Teak are shown in Figure 3.1 and for Shot Orange
in Figure 3.2. The numbers shown are times (in seconds) after launch. These trajectories
are constructed from data taken from Chrysler Corporation Technical Reports AME-M48 and
AME -M46.

A failure of the tilt program of the missile for Shot Teak caused it to have a nearly vertical
trajectory and to place the instrumented pnds almost directly to the rear of the warhead. How-
ever, the error introduced by this failure in the slant ranges of the pods was small enough that
the arrival times of the 14-Mev neutron group fell within the programed gate times. This {ail-
ure caused a reduction in the radiation intensities at the pods, because it placed the rear com-
partment of the warhead between the device and the detectors.

NI
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From the point of view of this exper‘ment, the missile for Shot Orange performed quite satis-
factorily except for the incorrect placement of Pod 4 relative to the burst point. A maifunction
in the vertical-guidance system caused the missile and Pods 2 and 3 to attain higher altitudes
than had been predicted. However, because the ejection times of these pods we:e determined
by the engine cutoff time, their positions relative to the burst were within the design tolerances
of the pods’ internal timing sequence and the gate width. .

Because the ejection of Pod 4 was determined by a preset timer and did not depend on th
engine cutoff time, the malfunction of the vertical-guidance system caused an error in the slant
range; as a resuit, the 14-Mev neutron arrival time occurred after the gate had closed.

Table 3.2 lists the slant range between each pod and the burst point and the programed gate

times for each pod.

3.3 ESTIMATE OF OVERALL SUCCESS

The overall success of this project is greater than may be indicated in Table 3.1, because
the use of threae pods at each shot gave a reasonably high degree of redvndance to the measure-
ments. The two upper pods (2 and 3) at each shot were placed at ranges and altitudes that would
make atmospheric scattering effects negligibly small, thereby allowing the neutron spectrum of
the device to be deduced directly from the experimental data. One of these four high pods yieid-
ed neutron informatlon sufficiently complete so that the objectives of the close-in measurement
were met. [t was expected that the neutron data from Pod 4 for each shot would not be useful in
deducing the neutron spectrum of the device, because of the significant amount of neutron scat-
tering causced by atmosphere between the detectcrs and the source, but it would nevertheless
yield useful information about total neutron doses at altitudes accessible to manned aircraft.
The data from these lower pods has been compared with the calculated detector currents, due
to both direct and scattered neutrons, and was found to be in reasonahle agreement.

3.4 NEUTRON MEASUREZMENTS

The results of the neutron measurements are given in two sections. Section 3.4.1 deals with
the data as recorded in terms of detector currents as a function of time, giving the results from
each detector separatrly.

In Section 3.4.2 the detector currents from Pod 3 for Shot Teak are converted to a neutron
flux versus time curve and compared with the calculated direct flux. This is permissible be-
cause the current due to scattered neutrons is a very small fraction of the measured current; -
hence, the energy versus time-of-arrival dependence is not obscured (Appendix A). However,
direct conversion to a f{lux versus time curve is not possible in dealing with the data from Pod
4, because the contribution due to scattered neutrons is not negligible. The necessity of com-
paring currents rather than neutron flux rates is explained in Appendix A.

3.4.1 Experimental Results. Teak Pod 3. The currents, {from the Pilot-B and Lil
detecters, Jdue to neutrons are shown in Figures 3.3 and 3.4. By use of the detector sensitivity
versus energy curves (Appendix B), a neutron flux rate versus time curve can be constructed
from 0.1 to 14 Mev, because the contribution from scattered neutrons can be neglected. These
curves are constructed and discussed in Section 3.4.2.

Thir pod also ylelded values for the peak flux rate and the integral flux in the 14-Mev neutron
The value

group.
for the peak flux rate is shown in Figure 3.8. :

Teak Pod 4. In this pod the neutron detector consisted of only Pilot B. The detector
current versus time data is shown tn Figure 3.5.

Values (or the peak neutron rate and total number of ngutrons in the 14-Mev grocp were ob-

tained The results are dis-

cussed in Section 3.4.2.
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Orange Pod 4. The instrumentation in this pod was similar to that in Teak Pod 4. The
detector current versus time data is plotted in Figure 3.6.

Because the pod position was in error, the 14-Mev neutron group did not fall within the pro-
gramed gate times; therefore, neither the peak-reading nor integration circuits ylelded infor-
mxtion. Fortunately, information about the 14-Mev group was obtained {rom the time-history
portion of the record, because the actual 14-Mev arrival time was later than the programed

gate closing.

3.4.2 Comparison with Theoretical Estimates. Teak Pod 3. Because the neutron data
from this pod is free from atmospheric scattering, it could be converted to a neutron flux rate
versus time plot. By use of the detector callbration curves from Appendix B, the detector cur-
rents from Figures 3.3 and 3.4 have been converted to reutron flux rates versus time and are
shown in Figure 3.7. The differences bet.veen the results of the two detectors are within the
estimated experimental error of each.

A composite curve which was constructed by averaging the results {from both the Lil and
Pilot-B detectors is shown in Figure 3.8. Two experimental points have been included for the
peak flux rate of the 14-Mev neutron group. The upper point was the peak {lux rate as meas-
ured by the peak-reading circuit. The lower point is the peak {lux rate as calculated (Appendix
A) from the measured integral value of the 14-Mev group, by assuming a nuclear reaction tem-
perature

Also plotted in Figu.se 3.8 {s the neutron flux rate versus time as calculated {from Eguatioa.
A.J of Appendix A. As pointed out in Appendix A, the neutron energy spectrum of the
device, used in this calculagion, was obtained from Reference 18.

In the region from about the measured flux rates are seen to be about a third
of the calculated values. Below the discrepancy increases from about a third to a {ifth.
This discrepancy between the measured and the expected flur is nrohahly due to this pod’s being
directly below the warhead and less than 2 degreeés off its axis, because of the failure of the

. missile tilt program. A 12-foot compartmen® containing various electronic control circuits,
gyros, and the like, was between the device and the lower end of the warhead. U the neutron-
stopping power of the odds and ends of equipment !n this compartment {s assumed to be equi-
valent to about 2 inches of steel, the discrepancy between the expected and measured flux can
be resolved.

The upper measured point, in Figure 3.8, for the peak neutron flux rate of the 14-Mev neu-
tron group does not seem consistent with the measured dN(T)/dT curve. Because this point
was the result of a separate measurement, its reliability is difficult to estimate. The lower
point, which was derived from the measured value of the integral number of 14-Mev neutrons
and an assumed reaction temperature, seems to be consistent with the measured f.ux rate curve
and is similarly low by a factor of 3 from the calculated peak.

AS a possible check on this measurement, these results were compared with the measure-
ments in Reference 12 and the measurements from Pod 1 as given in Reference 13. Because
these measurements were made with neutron-threshold deiectors that yield the total neutron
flux above a threshold energy, these values have been compared with integrals over the appro-
priate region of dN(T)/dT curve of Figure 3.8. In particular, the total flux of neutrons whose
energies are between 3 and 12 Mev can be obtained by taking the difference between the zirco-
nium measurements (12-Mev threshold) and the sulfur measurements (3-Mev threshold).

The number of neutrons with energies betweea 3 and 12 Mev have been determined by inte-
grating the appropriate regions of the curves in Figure 3.8. The resuits of these calculations
along with the measurements {rom References 12 and 13, which have been normalized to the

_Same slant ranze as Pod 3. are as follows:

T eak Pod 4. Because a large fraction (90 percent) of the detector current at Pod 4 s
due to scattered neutrons, it is not possible to construct a neutron flux versus time curve {rom
this data, as was done {or Teak Pod 3. Consequently, the measured detector current.s are com-
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pared with expected detector currents resulting {rom the calculated direct and scattered flux.
Figure 3.9 shows the experimental results, the expected detector currents without the contrib-
ution from the scattered neutrons, and the sum of the expected currents due to both direct and

- scattered neutrons. The experimental results do not extend below 3 Mev, because the senst-
tivity of the Pilot-B detector falls off rapidly below this energy.

The fact that this pod was within the shadow of the rear of the warhead does not reduce the
measured neutron intensities by a factor of 3, as it does [or Pod 3, because the major portion
of the detector current is due to scattered neutrons, which do not emanate from a point source
but rather {rom an extended source throughout the atmosphere.

There is order-of-magnitude agreement between the amplitudes of the measured and calcu-
lated curves. The reasons for the disagreement between the shapes of the two curves will be
discussed in Chapter 4.

Orange Pod 4. Although this pod was closer to the device than Teak Pod 4, the total
amount of atmcsphere between the pod and the source was greater because of the higher atmos-
pheric density at the lower altitude. The calculated detector current due to scattered neutrons
is found to be about 100 times the current due to direct neutrons; therefore, it is not possible
to cunvert the current versJs time curve to a flux rate versus time representation. Figure 3.10 =
shows the measured current, the expected current from the direct neutrons, and the sum of the
expected current {from the direct and the scattered neutrons.

The agreement between the magnitudes of the measured and calculated detector currents is
seen from Figore 3.10 16 Ue within abuat 4 Tactor of T over the range of measarement. Possitie
reasons for the lack of agreement between shapes will be discussed in Chapter 4.

3.4.3 Neutron Dose at Altitudes Accessible to Manned Aircraft. Because the Pilot-B detec- .y

tor has an efficiency that fails off very rapidly below 3 Meyv, it is possible to estirate the total
number of Tast {3 to 14 Mev) neutrons at thé low pods. ¥ the expgrimentally measur={ currants
are ?egrated and the resuit converted to n/cm?, the values are for eak Pod

4 an lor Orange Pod 4. With a value averaged over 3 to 14 Me¥ of 5.5 x 10~*
rep/(n/vm?% for neutr@h flux to tissue dose conversion factor (Reference 14) and a relative bio-
logical eftectiveness {RE®1 factor of 10, the resddt is 1 o/cm’ = 9.9 X 107" rem for tast neutrons.

These values are seen

to be higher by more than an order of magnitude than the corresponding gamma-ray dose up to )
120 msec at these pod positions. ) & Rea

e

.

.
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3.5 GAMMA-RAY MEASUREMENTS = r

[

X Because of the failure of the early gamma-ray measurements discussed in Section 3.1, the
only time history of gamma-ray intensities that was recovered consisted of a series of i{ntegrals,
which were recorded on channels with poor high-frequency response.

The integral time ranges were: (1) {from time zero (gamma-ray arrival) to a time just be-
© fore the arrival of the 14-Mev neutron group at each pod; (2) {rom time zero to approximately
) 10 msec; and (3) from time zero to 120 msec. The gamma-ray intensity during the first inter-
val was measured by integrating the current from a Csl detector from time zero to the gate
opening time (Table 3.2). The integral intensity {rom the second and third time regions was
measured by a KBr crystal, which darkens urder the action of gamma radiation. The fast rise
of the signal from the KBr detector was obscured, because the record was obtained from a lcw-
g frequency charnel; however, the rate of rise of the integral at late times (30 to 120 msec) was : S
g extrapolated to determine the amount of prompt-gamma radiation incident on the detector. i

M aee e ek S0 ool

o 3.5.1 Gamma Radiation from Shot Teak. Some information about Integral gamma-ray inten-
sities was obtained [rom each pod. The failure of the high-voltage prwer supply in Pod 2 did LT |
not affect the results of the KBr measurement, because it did not require a high-voltage supply. ORI
Table 3.3 is a summary of the integral gamma-ray results {rom Shot Teak. r ‘; o
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. The data from Pod 4 was noisy, and no estimate of the early gamma-ray dose from the KBr
detector was possible. The Csl integral at Pod 3 appears to be too large when compared with
,g, the KBr data, which is probably more reliable.
- I¥ an inverse range-squared dependence for the gamma-ray intensity at Pod 2 and an iso-
tropic source are assumed, it is possible to calculate the gamma-rav <wurce strength of the
=5 device. The value for the integral ggmma-ray dose at Pod 2 .8 equlvalent to a flux
'which ylelds an integrated sourte strength of
. gamma rays of 1-Mev energy. ’
S, With the rule of thumb (Reference 15) that for each neutron escaping from a deyice, 0.1-Mav
gamma radiation is produced, the calculated total number of escaping neutrons is
This value is to be compared with the total number o ‘$eutrans for the fevice
. (Reference 16). This agreement may be fortuitous, lLecause the integral was taken ouly over the
first 120 msec. However, this result may imply that a large fraction of the gamma radiation
. from the device has escaped within this time interval.
Assume that the gamma-ray intensity at the nth pod, In, can be calculated by means of the
well-known {ormula, ’

dr
" b [‘ Jaa W]
= TRy (.1)
Where: Sy = the total number of gamma rays emitted by the device

Rp = the slant range {from the device to the ath pod
Ay(r) = mean [ree path cf 1-Mev gamma rays.

i From this expression, it is possible to calculate the expected ratio of the intensities between
Pods 2 and 3, and the result, I,/1, = 2.55, can be compared with the ratio of the experimentally
. measured values, which is 1.69. Similarly, the calculated ratio between Poddé 2 and 4,

I,/1 = 388, is to be compared with 12.33. The lack of agreement between these values indicates
S :'. that a more detailed calculation to account for the gamma-ray scattering by the atmosphere is
required.

{ 3.5.2 Gamma Radiation [rom Shot Orange. Gamma-ray integral intensity results were ob-
tained only from Pod 4. The total gamma-ray dose from 0 to 120 msec from the KBr detector
was found The initial pulse integrated {from 0 to 200 psec’ meas-
ured by the Csl detector.

- 3.6 RF ATTENUATION

Although the measurement of the received signal strength of the telemetry transmitter (n each
pod was not one of the objectives, oscillographic records of signal strength versus time were
made in order to facilitate the data analysis. Because of the intense interest {n propagation of
electromagnetic radiation in the vicinity of a nuclear explosion and the fact that the pods were
located at a variety of different ranges, as much as possible has been extracted {from these

records. The presentation of this section should be considered as a summary of the data and -
{s not intended to be an analysis. Further reduction and analysis is underway at the present P, 1 4
g time and will appear as a separate report. E !"’ .

Details of the telemetry system can be found in Appendix C. Each of the pods contained a :
3-watt transmitter, which operated on a frequency of about 240 Mc. The body of the pod con-
stituted the transmitting antenna, which had a pattern that was nearly isotropic with narrow S N
15-db depresstons arcund the nose and tail. AR
A helical antenna, with about a 40-degree beam width, was used at the receiving station. .
The current from the first limiter grid of each receiver was recorded by an oscillograph with
a resolution of about 5 msec.

Dala 0 e Y

-

Sem

G ¢ -\._-\_._:_.\-: -

e . _,\ e

ISR o -'-‘,a\'; s @;4:1"4:)1\‘.. e




altala ot ihoiab B At ta/ate 0 te atniantin re dta 2vp e YT SAas aua sy o on, wr TR Y NN W v vy e e o

.

P The position of each pod and the burst point relative to the ground station is shown in Figures
. 3.11 and 3.12 with the region between the half-power points of the receiving antenna superirapos-
& - ved as a shaded area. '
ci Figures 3.13 and 3.14 show the signal strength from each pod for the {irst half second after
- the burst. After a short initial blackout, the output of the signal-level monitors {or Pods 2 and

1 3 recovered rapidly to a measurable fraction of their preshot levels, fading out again in a few ~
. tenths of a second. Pod 4 on each shot recovered in less than 0.1 second and was unaffe ted

X i thereafter.

o The behavior of the signal strengths for the 1i{etimes of the pods is shown in Figures 3.15
and 3.16.

TABLE 3.1 GENERAL PERFORMANCE

Pod Li+ Lt Pilot-B  14-Mev Group 14-Mev Group KBr Gamma KBr Gamma Csl Gamma
Neutrons  Neutrons Peak Integral Integral 10 msec [Integral 120 msec Integral to Gate

TeakAZ No No No No Yes Yes No

Teak 3 Yes Yes Yes Yes Yes Yes Yes

Teak 4 —_— Yes Yes Yes No Yes Yes o e
Orange 2 No No No No No No No . )

Orange 3 No No No No No No No .

Orange 4 -— Yes No* No* No Yes Yes

[ * Indicates no results because of incorrect pod placement.

- TABLE 3.2 SLANT RANGES AND PROGR?MED GATE TIMES B

a t =0 at gamma-ray arrival A 2ok .
o= Slant Range Slant Range Gate Opening Gate Closing i

p -
- iod Predicted Actual Time Time
g km km usec usec
= Teak 3 15.50 15.84 180 280
- Teak 4 52.62 53.74 650 1,020
3 Orange 4 25.46 29.45 330 510
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Chapter 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

The instrumentation for the time-of-flight method of measuring the neutron energy spert,um
of a nuclear device has been shown to be feasible for detonations at high altitudes where (tmos-
pheric scattering effects can be neglected.

The use of the neutron energy spectrum for thq' Reference 16) in computing
expected neutron flux rates as a function of time g¥ves results commensurate with the measured
flux rates.

As was expected, the neutron flux at the low pods was due predominantly to scattered neu-
trons. However, with the Monte Carlo calculation outlined in Appendix A, it is possible to esti-
mate the expected neutron flux rates at these altitudes with fair accuracy.

4.2 RECOMMENDATIONS

Plans for {uiure high-altitude tests slculd provide for instrumentation pods that are deployed
by the weapon carrier; such pods present distinct advantages over independently placed rocket-
borne Instruments. The checkout procedure can be integrated into the weapon countdown, and
any weapon placement error would alsu appear in the pod placement ‘in such a way that a large
part of the slant range error would be canceled. Passive pods also are easier to design and
produce than rocket instruments.

The importance of time-resolved radiation measurements from high-altitude detonations
will increase as the importance of high-altitude military operations increase. The possible
vulnerability of AICBM and ICBM guidance systems to transient radlation effects should be
studied further, and time-resolved radiation should be measured from nuclear devices at alti-
tudes of operational interest.
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Appendix A

THEORY

A.1 THE RADIATION SOURCE

The used for Shots Teak and Orange was similar to the nuclear device tested
in Shot Predictions of radiation intensities were calculated
using testea rules ot thumb derived {rom information provided by B. E. Watt of the Los Alamos
Scientific Laboratory (Reference 15). R. Lessler and G. Bing (Reference 16) of the University
of California Lawrence Radiatian Labqratorv provided a neutron energy spectrum and the neu-
tron angular distribution of the ‘that proved very useful in making flux-rate
estimates.

The neutron spectrum data in Reference 16 consisted of the total number of neutrons in each
of several energy groups. For convenience, the total number of neutrons in each energy group
was divided by the energy width of that group and the result was taken to be dN(E)/dE at the
energy midpoint. The maximum of dAN(E)/dE of the 14-Mev group was determined by fitting the
integral numher of neutrons in that groun to a ¢aussian curve, the width of which was determined
by a reaction temperaturé . This results in a full width at half maximum
for the 14-Mev neutron group’ This derived spectrum is shown In Figure A.1.

A.2 TRANSPORT OF NEUTRONS TO A DETECTOR

The interpretation of the measured currents from the detectors is complicated by two effects:
the interaction of neutrons with the atmosphere and the variation of the detector eificiency with
energy. It is necessary to account for those neutrons of a given energy that are lost from the
direct beam and hence do not reach the detector, as well as those neutrons of higher energy that
are scattered, arrive late, and simulats neutrons of a lower energy.

Let Q(E) be the average charge produced per neutron of energy E {mpingent upon the detector.
Let A(E) be the attenuation factor of the direct neutron beam due to scattering and absorption.
The function K(E’,T) is defined as the number of scattered neutrons that are emitted from a unit
source with an energy E’ and arrive at the detector at a time T which corresponds to the direct
arrival of neutrons of energy.

m rgp’

B (A1)

Where: m = mass of the neutron
rgp *= cistance between the source and the detector

The expression for the detector current as a function of time is as {ollows;

dN(T) ’ , w GN(E)
KT) = =T Q(E) A(E) + J;Q(E)K(E ,T) JE’ dE (A.2)

The lactor dN(T)/dT is the number of neutrons that would be impingent on a detector per unit
time if there were no atmospheric scattering or absorption. The {irst term on the right hand
side of this equation is the contribution to the total detector current arising from unscattered

neutrons, while the second term is the contribution {rom all neutrons that arrive at the detec-
tor after having been scattered. I

M
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dT rSDmlh dg

which was developed {n Chapter 1, s substituted in Equation A.2, then

(2e)1 dN(E) S b e NGO
LR RCLCE S I!Q(E)K(E.T) T dE

(A.3)

A.3 NEUTRON-SCATTERING CALCULATIONS

Equation A.3 is an integral equation and could be solved for dN(E)/dE providing I(T) and
K(E’,T) were kuown. I(T) is the experimentally measured detector current, so it remains
only to evaluate K(E’,T). U only singly scattered neutrons are considered, the evaluation of
the kernel K(E',T) is straightforward and gives a lower limit on the scattered neutron flux.
This relatively simple calculation was done (Section A.3.1) in order to aid in the planning phases
of the experiment. A more elaborate multiple-scattering calculation (Section A.3.2) was made
to aid in the interpretation of the actual experimental results.

A.3.1 Calculation of K(E’,T), Single Scattering. A surface formed by the revolution of an
ellipse about its major axis has the property that the sum of the distances, rp + rg , from
each focus to a point on the surface is constant. Any neutron of a given energy that leaves the
source (at the {irst focus) at T, = 0 and reaches the detector (at the second focus) at a time T
will have been scattered at the surface of an appropriate ellipsoid. This procedure is valid
only i inelastic processes and the recoil of the air nuclet may be neglected.

Neutrons which travel the direct path from the source to the detector arrive at a time
T = 2L/v, where v = (2E’/m)"/? and 2L is the distance between the source and the detector.
Neutrons that leave the source in all other directions and reach the detector at a time T are
scattered from a point on an ellipsoid having the property that rg + rp = vT. The equation
of the scattering ellipsoid in cylindrical coordinates is seen to be

2! R D’ = L!

T BT}
with the semimajor axis = L7 and the semiminor axis = L, (r?'=1)'2 where 7 = T/T,
rg+rp = 2LT.

In order to determine the number of neutrons which arrive in the time interval between T
and T + dT, it is necessary to consider the two elliptical shells shown in Figure A.2. The
volume element shown lies between two z planes and the elliptical surfaces described by T and
T + AT and is 4V = 27pdpdz. For a neutron source of unit strength per steradian, the number
of neutrons of energy E’ which arrive at the detector during the interval dT is given by

K(E', T)T = f a (AS(: 5’) (AD(: D’) o (cos 8) n(z’) 27pdpdz
l's l'D

s 2:afc (cos 6) n(z) Ag(rg) Aplrp) (‘EE—:) dz

l‘s’ PD

Where: a = area of the detector
0 (cos 6) = differential cross section for elastic scattering in air of neutrons
of energy E, in units of cm?/steradian
n(z’) = number of air molecules per cubic centimeter at an altitude of
2’ = 2z, + z above the ground
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ai- A(z’) rncutron mean {ree path = m s:“.. g i

‘ 0y = total scattering cross section for neutrons in alr .

- z » height of dV relative to z, ;'.'{:.:;_._

- zg = height of source relative to z, ;}_"’_-,“_-;:-

' zp = height of detector relative to z, ARSI

: R Ag and Ap are the exponential attenuation factors for the paths rg and rp respectively. N

b The integrals within these exponential terms are, for a given 7, functions of z explicitly A : I
through A(z’) and the limits, and must be evaluated numerically for each value of the integrand L
of Equation A.1l. A '._ o K

In order to put Equation A.l into 2 more tractable form, we observe {rom the figure that
rg! = o'+ (z-L}
and ! S

rD’ a2 pts(z+L)?

and upon subtraction of these relations from each other we abtain

= | rD’-rs’ = 4Lz "’o"‘s""n”é’- .

But since o g
rg+rp = 2Lr1, RO

we see that
rp-rg = 2z/7.

From these relationships we can obtain the following resuits,
rp = Lr+ z/r

and rg = L7~ z/r.

We may now express rg rp and r.s’ + rp' in a form which is useful for substitution in Equation
A.2, as [ollows,

rg! + rp! = 2 [(Lr)' . (z/r)’]
and
rgTp * [(LT)’ - (Z/T)'] 5
From Figure A.1, it is observed that
(2L)? = (rg 4 rph
2 rs l'D

cos & =
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By use of the above expressions for rg rp and rs' + rD', the following is obtained.
2L - [(Lr)' + (z/7)}
[(Lr)’ - (2/ r)’]
. . 2-(rt+ )
(' -

cos @ =

- M
.

where x 2 z/Lr.

To determine the number of neutrons arriving in the Interval dT, it Is necessary to relate
dp to dr. It can be seen fram Figure A.l1 that the element of area for a {ixed z is proportional
to dp . After the equation for the ellipse,

Pt = (1 -y (riLr - 1Y),

is differentiated with respect to p and 7 (z held constant), the following Is obtained.
pdp = [(TL)' - (z/r)'] dr/r

With r = T/T,
dr = {(rx.)’ - (z/r)’] ar/Tr

Io This expression can be solved for dp as a function of t and dr ; however, the quantity which
occurs in the integrand of Equation A.2 is pdp .
After this expression is substituted in the equation,

o (cos 6) n(z’) Ag (z) Ap (2) [(LT)’ = (l/f)']
[(Lr)‘ - (z/7)? v T

x x

dTds

K(E’,T)dT = ij

Iz = Lxand dz = Lndx, then

oy o 21a (! 0(cos 6) n(x) Ag(x) Ap (x)
KE’, T [b -

where b = 1 or zo/Lr, whichever is the smaller.

These limits of {ntegration have been chosen so that the complete shell is integrated. This
requires that the limits on x be taken from +1 to-1. I the ellipse touches the ground, it is
assumed that the neutrons directed toward the ground aie lost by absorption at —~z4, and b
should have the value z,/L7.

For a unit source strength, the expression K(E’,T) is the number of scattered neutrons per
unit time, of energy E’, which arrive at a time T . This integral was programed {or the IBM
704 at the National Bureau of Standards. The results for Pods 3 and 4 during Shot Teak with E’
equal to 14 Mev are shown in Figures A.J and A.4. From these results it was concluded that
scattering wou'd not interfere strongly with time-of-flight analysis of the near-pod data. A
better estimate requires consideration of other neutron energies and multiple scattering.

dx

A.3.2 Multiple-Scattering Calculations. A Monte Carlo program was dcveloped to evaluate
the integral in Equation A.3, which represents the contribution to the detector current due to
neutrons that have been scattered. This program includes elastic, inelastic, and absorptive

z prucesses of oxygen and nitrogen (n the atmosphere.

. In this discussion, it is necessary to follow the time and energy history of neutrons that leave
S the source with an iritial direction (8, , ¢,) and with an initial energy (E;). Each neutron is lni-
) tially weighted by the angular distribution of the snurce, F(a), by the energy of the neutron

) through the energy distribution function, dN(E)/dE, and by the solid angle into which it is pro-

- jected, sin 8, A8, A9, , as {ollows:




dN(E)
dE

] sin a. AO. A¢. .
Ey

The probability that a neutron of energy E has undergone a collision in a distance R through
the atmosphere is

- - ME) IR n(r) dr
P=l-¢e (A.4)

Wy = F(a) [

Where: otA(E) = total cross section for neutrons of energy E tn air
" n(r) = number density of air nuclei along the path

The distance to the first collision is then determined by choosing a random number N, between
zero and one, setting it equal to P and solving for R. The integral in EQuation A.4 1s calculat-
ed {rom a stored tatle of atmospheric densities, and oyA(E) is taken from a stored table of
cross sections versus energy.

At this point in the program, it is necessary to make a series of decisions. The {irst deci-
sion determines whether the collision is with oxygen or nitrogen. Next, for either case, it must
be decided whether the collision is elastic or inelastic. If the collision is inelastic, the energy
of the neutron is reduced by an amount appropriate for an N or O collision, and an outgoing
direction {s assigned in a random fashion, because the differential cross section i{s considered
to be isotropic. For an elastic collision, the energy change is determined by the scattering
angle, and this angle is chosen by the program through the use of the appropriate differential
cross section. To account for the possibility that this neutron is absorbed in the collision, the
welght of the outgoing neutron is reduced by the factor

("absorpt!on )
total Nor O

Before determining the next collision point, the probability that the neutron would go directly to
the detector without further scattering is computed. The charge produced by the detector due to
this neutron is stored into an appropriate time interval, and the number of collisions which it
has undergone is recorded. The weight of the outgoing neutron is further reduced by the frac~
tional solid angle subtended by the detector. It is now possible to continue this grocess and de-
termine the distance to the next collision, starting with the new weight, wy .

The atmosphere is here considered to be made up of four parts of nitrogen to one part of
oxygen, and the total cross section in air, in terms of the total cross sections for nitrogen and
oxygen oN and 0,0, is therefore,

N (o]
.4t @
UtA = 4 5 t
and the probability that a collision is with, say, oxygen is

o
2 -
) OtA

Whether the collision is with oxygen or nitrogen is then decided by selecting a random number
between 0 and 1. The collision is taken to be with oxygen if the number {s smaller than
°t°/5 atA , or with nitrogen if the number is larger.

In order to determine whether a given collision is {nelastic or elastic, the ratio of

Tinelastic
%elastic * Cinelastic/N or O

i3 compared with a random number between 0 and 1. If this ratio is larger than the number, the
collision is taken to be inelastic or taken to be elastic if this ratio is smaller than the number.

38

il e e T i el Bl T s T e ek ek B s e s s s e

x

'
t
'

+ . .
N 0 e
'-J& GRS Bl NN




i o Rt L e ) L R g O e B M et I S e L

F- g
L AR,
» ° .
v, S - -~
S g oS oqy
(- Ry
l‘,.‘ o ‘-N'\-"'~) .'~.l"‘-
IS PR SRR
o In the event that the collision is elastic, the exit direction to the next collision point is chosen PSRRIk
t.r', in the following manner. The azimuthal angle, ¢, is selected randomly, because the scattering 0 ot

” is axially symmetric. The scattering angle 8 is chosen by selecting two random numbers, N PRV
B > and Ny, between zero and one. The angle & is tentatively set equal to Ny, and N, is then com-

= pared with
b .
. do(N)) _

d2 /NoroO
which has bocn normalized to unity at its maximum value. If Ny is larger than this quantity, o1
then this pair of random numbers is rejected. New pairs are chosen until b
do(rN)) GG
Ny < (5Tl K
: ( d /Noro N

= In the event of an inelastic collision, both exit arigles, 6 and ¢, are chosen randomly, be-
) cause the scattering has been assumed to be isotropic. In both nitrogen and oxygen, only the
first excited states have been considered with regard to determining the exit energy. For nitro-

” gen, 2.3 Mev is subtracted from the entrance energy and 6.1 Mev is subtracted for oxygen. e
If a neutron emerges from collision N with a weight wy and an energy Ejy, the contribution 9

to the charge produced by the detector is seen to be O NRNES

- qAEN) [ n(r) dr ' S
dP(§) A ~MEN A ]

Co = wNQEN g 1 ¢ N e s

Where: Q(Ey) = charge produced in the detector by a neutron of energy EN -‘ ST Y

A = area of the detector
R = distance from the detector to the scattering point

and the function d P(6)/d 0 is that differential scattering probability appropriate to the NtB
collision, normaltzed such that

4
dP(8) .
J: =T dQ = 1

The original neutron with modified parameters continues to make collisions untll, (1) the
time exceeds the time of interest, (2) the neutron energy falls below a cutoff value, or (3) tne
neutron weight becomes negligible. After a neutron has reached cutoff, the program:recycles
until it has scanned all initial directions.

In the program, the contribution to each of three pods of a given shot was obtained from
every collision. Eight neutron energy groups were used—14, 10, 6, 3, 2, 1.25, 0.9, and 0.63
Mev—with a total of 1,296 neutrons in each group. This number of neutrons was found to be
adequate to give statistical fluctuations in the results for the low pods of about + 30 percent.

This routine was programed and carried out by Dr. Werner Reinbolt and Mr. John Maynard
of the National Bureau of Standards.

It should be noted that, when (as in the Monte Carlo calculation) neutron energy loss in scat-
tering is taken into account, there is no longer a direct correlation between a neutron’s time of
flight and its initial energy; consequentiy, it is not possible to measure the energy spectrum of
neutrons that arrive at a detector. Although in principle it would have been possible to solve
the integral Equation A.3 for the energy-spectrum of the device dN(E’)/dE’, using the Monte
Carlo evaluation of the scattering integral, this was not felt to he justified. Instead a compart-
son of the experimental detector current with the calculated current was made, using the spec-
trum {rom Reference 16,

The results of these calculations for Pod 4 for both Shots Teak and Orange are shown In
Figures A.5 and A.6. These curves were smoothed and are reproduced in Chapter 3 of this
report and are seen to be in fair agreement with the experimentally measured currents.
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A.3.3 Comparison of the Results of the Single- and Multiple-Scattering Calculations. In -
Figure A.7, a comparison is made between the results of the single-scattering calculations and
the Monte Carlo multiple-scattering calculations for the 14-Mev neutron groups at Pod 4 for
Shot®Teak. The general agreement for early times is reasonably good and for later times, when
multiple scattering is important, the Monte Carlo results are consistently higher.

A.3.4 Results of Scattering Calculations for Shot Yucca (Project 2.7). The scattering calcu-
latioms required by the Project 2.7 participation in Shot Yucca were essentlally identical to those
called for by the Project 2.6 experiment and were performed with the same IBM 704 program.
The results of these calculations are presented here. Additional irformation concerning Project
2.7 is given in Reference 18.

As in the mathematical determtnation, presented above, the detector sensitivities were folded
into the calculation so that the resuits were obtained in forms of dstector.current. The following
parameters apply: (1) Only one detector, Li‘l, was used; (2) the Tevlce burst at 25.30
km above sea level; and (3) the detector was positioned at 0.84 km below the burst.

Table A.1 is thel Jreutron energy spectrum used to calculate the scattered flux.

The ratio of detector currents due to scattered and direct flux is of primary interest, because
this allows an evaluation of the precision of the experimental measurement. The detector cur-
rents determined by the scattering calculation have been averaged over the time intervals cor-
responding to the arrival times of the neutron groups in the original spectrum. These averages
are shown in Figure A.8. In this form, they may be compared directly with the detector currents
due to the direct neutron flux. The attenuation in the direct path was calculated using the same
total cross sections as in the IBM 704 scattering calculation. By use of the same detector sen-
sitivities as for the scattering calculation, the detector currents due to direct neutrons may be
found. These are shown in Figure A.9.

The ratio of detector current due to scattered neutrons to that due to direct neutrons {s shown
in Figure A.10. It is apparent that within the accuracy of the ealeulation this ratie {s about 3
percent for the worst case. A statistical analysis of some of the scattered flux groups has
shown that they probably are in error by no more than a factor of 2. This implies that, for
neutron energies ibove 0.025 Mev, the error introduced in the experimental measurement by
neglecting the scattered neutron flux would have amounted 6 Gily dbout 2 percent. This ts
considerably less than that expected from other sources of error, e.g., detector calibration
and recording and telemetering systems.
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Figure A.2 Single-scattering calculation geometry.
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Appendix B

‘DETECTORS

B.1 BACKGROUND

The early work of the detector group was devoted to a thcrough study of the properties and .
characteristics of a large number of existing neutron detectors and to a calculation of the neu- T
tron intensities expected (on the basis of the estimated yield of the device) as a function of time. = )
It was found necessary to use a combination of several detectors in order to make the desired
measurements.

One of the prime considerations in the selection of the neutron detectors was their relative
sensitivity to neutrons and gamma rays. Because the number of gamma rays that arrive at a 5 B, 0 B
detector, during the time the neutrons arrive, was uncertain by at least several orders of mag- RN,
nitude for nuclear detonations at very high altitudes, it was necessary to make the ratio of neu- U SRS
tron sensitivity to gamma-ray sensitivity as large as possible. In the neutron-energy range ) |
from 3 to 14 Mev, the study of neutron-detector properties indicated that this ratio was largest el -
for organic scintillators. Because of its low cost and convenience of handling, the Pilot-B R R
scintillator was selected for the high-energy neutron detectors. Because the light output per
neutron decreases rapidly with neutron cnergy, the sensitivity ratio decreases at a similar
rate and becomes rather poor {or neutrons below 1 Mev. This decrease occurs because the
average energy of the recoil protons in the scintillator decreases with energy, and the light
output of the scintillator saturates with increasing rate of energy loss of a particle.

The sensitivity ratio of a Li’l scintillation crystal was found to be highest in the region of
fission neutrons and to increase with decreasing neutron energy, because the Li*(n,a) T reac-
tion has a large Q (4.8 Mev) and the cross section increases rapidly (proportional to 1/v as the
neutron energy decreases). A large resonance at 0.25 Mev helps to make the cross section
relatively large even up to 8 Mev; thus, Li‘I crystals appear to be excellent detectors for neu-
trons below 6 Mev. Because Lil has a rather high efficiency for detecting gamma rays, it was
necessary to use a normal Lil detector in order to determine the gamma-ray background in the =
enriched Li'I crystal.

The detector sensitivities of these three crystals were too large to record the initial burst
of gamma rays; thus, a less-sensitive gamma-ray detector (small CslI crystal detector) was
built for this purpose. CsI was selected because of the long decay time of its light output, which
allows the sharp peak in the gamma-ray intensity to be averaged over an interval of time of
about 1 usec. The peak detector currents are thus !owered without reducing the value of the
integral of the detector current. A detector channel containing no crystal was included to mont-
tor currents resulting from the effects of nuclear and electromagnetic radiations on the detector
circuits.

Another detector was used to determine the total gamma-ray dosage measured over a period
of 120 msec. This detector consisted of a crystal of KBr treated so as to color under the action
of gamma rays. The resulting change in light transmission was measurcd by means of a lamp
and a small (iP42) photodiode. The sensitivity of the crystal was such that dosages ranging from
50 to 2,000 r were easily detectable.

Calculations of the attenuation of the neutrons in the atmosphere for Pod 4 for both Shots Teak
and Orange showed that time-of -flight measurements ir these pods would be meaningless except
for the 14-Mev group. For this reason, only the Pilot-B detector was used in these pods {for
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time-of -flight informatton. Because the Pilot-B detector gives information about the btological
effect of both neutrons and gamma rays, the integral of this detector current was telemetered
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as a function of time until the pods fell into the water.
v

B.2 CALIBRATION

The calibration of the neutron detectors was for the purpose of establishing the relationship
between the neutron flux passing through the detectors and the corresponding output currents of
the photodiodes. Because it was necessary to calibrate the detectors over a considerable range
of energies, the NRL 2-Mev Van de Graaff generator was used to produce monoenergetic neu-
trons from the following reactions: T(p,n) He? (0.15, 0.25 and 0.38 Mev neutrons), D(d,n) He?
(4.25 Mev neutrons), and T (d,n) He' (15.0 Mev neutrons). A photomultiplier was used to observe
individual events in the crystals, because the neutron fluxes available were too small to permit
direct observation by a photodiode of the light {rom the Lil. Tue piotomultiplier produced a
series of pulses, which were recorded with a 258-channel pulse-height analyzer.

Because the channel number of each event was proportional to the light output of the crystal
for that event, a quantity P(EN) , representing the total light output at a given neutron energy

EN, could be defined as
1¢
P(EN) - jE‘ ) my

Where: | = channel number

mjy = number of counts in that channel

At higher neutron energies, reactions other than those listed above began to take place, namely,
Li*(n,dn) He* and Li'(n,d) He*, as well as gamma activity arising from the inelastic scattering
of neutrons on iodine. All of these processes contributed to the light output of the crystal and
formed a continuous background, which increased with increasing energy.

The total neutron {lux N was determined with the aid of a calibrated long counter, which
subtended the same solid angle at the neutron source as the detector. The quantity P(EN)/N
was then proportional to the average light output per unit of neutron flux.

It was then necessary to establish a relationship between the crystal’s light output and the

sensitivities of the photomultiplier and the photodiode.

by the fact that the spectral response of these two tubes was different. Therefore, a single
crystal was used as a light source for both, and X rays {from the NRL 21-Mev betatron were

sufficiently intense to be used {or excitation.

By measurement of the charge released by the photodiode when a high intensity betatroa
pulse was incident upon the crystal and comparison of it with that produced by the photomulti-
plier from a low-intensity pulse, it was possible to establish the desired relationship between

the tube sensitivities.

The calibration formula could then be expressed as

PD

Qv (EN) =

YpM [P(EN)/N]
Ypp Pg

The value QNPD(EN) s average charge released by the photodiode per unix of neutron
flux of energy Ep striking the crystal
= radiation dosages per burst at the low and high levels,

Ypm 3 rpp
respectively

Pg

where P(Ey)/N was defined above.

QgPD

height of the pulse produced by the photomultiplier for a low-
intensity betatron burst in units of P(Ey), and
QBPD = charge released by the photodiode for a high-intensity burst,
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Figure B.1 shows |/ QNPD(EN) as a function of energy for both Li*l and normal Lil. By use
of the measured current outputs of the phot.diodes in conjunction with these curves and conver-
h sien of the time-of-flight information to energy, it was thus possible to determine the neutron

) energy spectrum.

i The calibration of the gamma-ray detectors consisted of determining, in one case, the clarge
1 liberated by a photodiode as a result of the scintillations of a small crystal of Csl and, in the

. other case, the change 1n light transmission of a crystal of KBr.

The CslI detector was calibrated by its exposure to a calibrated gamma-radiation field pro-
duced by a Co® source. The output currents of the photodiode were measured with a vibrating-
reed electrometer.

The Csl detectors were also exposed to l/4-;zsec bursts of X rays {rom the NRL betatron.
The charge produced by the photodiode as a result of an X-ray burst striking the crystal was
measured. From the known radiation dose in each burst, it was possible to obtain a value of
the photodiode current {or a given radiation rate. It was found that the calibration figure in
coulombs per roentgen for the Co®’ source was about 32 percent higher than that for the beta-
tron. This can be understood when it is realized that a larger percentage of incident gamma
energy is deposited in a small crystal when the energy is low. The X rays from the betatron
were much more energetic than those from the Co*. Because the energy spectrum of the Co"%
more nearly approximated that expected from the device, the Co" results were weighted more
heavily. .

The calibration figure for the tube and crystal used here was 0.7 x 10™!* coulomb/r.

The KBr detector was also calibrated by exposure of the crystal to the Co* source. The
output current oi the photodiode was measured as a function of time, and {rom the known radia-
tion rate and the photodiode current, the light transmission (defined as the ratio of photodiode
currents before and after exposure) of the crystals could be expressed as a function of total
gamma dose. The curve of transmission (I/L) as a function of dosages i8 given in Figure B.2.

B.3 DETECTOR CONFIGURATION FOR PODS

The detectors for Pods 2 and 3 for Shots Teak and Orange were as follows: (1) a Csl scin-
tillator with a photodiode with its sensitivity adjusted to measure the prompt-gamma rays, (2)
a Pilot-B plastic scintillator with a dual photodiode system to provide the integral of the 14-
Mev neutrons, their peak intensity, and a time history ot total dose, (3) a Li'l scintillator with
photodiodes to provide the neutron time history, (4) a normal Lil scintillator to give the same
type of information as the Li‘l, but with a different neutron sensitivity so that gamma-ray back-
- ground could be measured and gamma-ray corrections made in the Li*l detector current, (5)
i KBr detector, and (6) a blank detector photodiode.

The detectors for Pod 4 for Shots Teak and Orange consisted of: (1) a sl scintillator for
prompt-gamma-ray measurement, (2) a Pilot-B plastic scintillator to read 14-Mev neutron
: data, (3) and (4) iwo Pilot-B plastic scintillators to measure the time history of total dose at

two sensitivities for the period after the 14-Mev group, (5) a KBr detector, and (6) a blank
detector similar to the ones in Pods 2 and 3.
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Figure B.2 Calibration curve for KBr detector.
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Appendix C

INSTRUMENTATION

The pod instrumentation consisted of detectors, detector electronics, data recorder, program
unit and telemetry transmitter, and power supplies. The detectors and their calibration are
described in Appendix B. )

The detectors were designed to prcvide current signals of amplitude suitable for coding and
recording. The technical limitations imposed by the state of thc recording art required careful
electronic treatment prior to recording. The pod instrumentation is described below, starting
with the detector outputs, and follows the path of the signals to the final data record in the ground
receiving station.

Figures C.1, C.2, and C.J3 show the detector electronics used in Pods 2 and 3 for both Shots
Teak and Orange, Pod 4 for Shot Teak, and Pod 4 for Shot Orange, respectively.

C.1 PODS 2 AND 3

C.1.1 Csl. Detector 1 was a Csl crystal chosen to give a measurable signal from the
prompt-gamma-ray spike. It consisted of the CslI crystal fixed to the face of a single photo-
diode (Type 926). The prompt-gamma-ray, signal spike followed two paths. =

For purposes of timing, the signal was applied to a timing circuit that provided the gates
for electronic commutation of all the detector signals (Figure C.1). For purposes of the inte-
grated prompt-gamma measurement, the gamma-ray signal was applied to a peak-reading
circuit. The timing circuit (marked “timer,” “limiter,” “delay,” and so forth, on Flgure C.1)
provided a gate signal at 110 usec, a pedestal 70-usec-wide beginning at the 110-usec gate
signal, and a series of three 10-usec pulses at gamma-ray arrival time H, H + 110 usec, and
H + 180 psec {these times vary with pod positions). These latter three signals were recorded
directly cn Tape Channel T-1. The 110- usec gate signal closed the normally open gamma-ray
peak-reading circuit at 110 usec for the duration of the measuwement. The peak-reading cir-
cuit registered the maximum value of the voltage on the condenser shown above the block for
the circuit in Figure C.1. The voltage on the condenser was the integral of the detector current.
The peak value of the condenser voltage was appiled to the voltage-controlled-oscillator (VCO)
Channel 10. Subcarrier VCOQ's are discussed below in the section on the tape recorder.

C.1.2 Pilot B. The Pilot-B scirntillator Detectors 2A and 2B were included to provide ade-
quate sensitivity for {ast neutrons, particularly the 14.2-Mev neutron group. The light output
of this scintillator was measured by two groups each consisting of three photodiodes.

The photodiode current from Group 2B was used for two measurements. The [irst of these
was the total dose versus time measurement for which the current pulse was integrated by a
pulse-controlled oscillator (PCOQ), shown as the “LF converter” on the block diagram. The
PCO pulses drove a binary-modulator circuit that directly modulated the transmitted carrier
amplitude to 30-percent depth. This was a real-time link that operated from detonation time
throughout the flight of the pod.

The second use of Detector 2B current was {or the measurement of the integral of the 14.2-
Mev neutrons. The normally closed (NC) integrate-and-hold block (Figure C.1) represents
this function. The integrating process was controlled by the gate pedestals from the timer.
Integration occurred during the period from 110 to 180 usec after gamma-ray arrival. The
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value of this integral, expressed as a voltage, was applied by a holding circuit to VCO Channel
11. The purpose of the holding circuit was to keep the voltage, which represents the integral,
constant for a period long enough for the VCO to respond. )
¥ Detector Group 2A was alsu used for two measurements. The {irst use of this.detector group .'
. was to obtain the time dependence of the fast neutron flux. The output of the Log-R circuit was I R
apnlied to a PCO labeled "HF converter.” The purpose of the Log-R circuit was to compress . =20
the dynamic range of the detector current to a range that could be handled by the recording cir-
cuitry. The Log-R output was applied to VCO Channel E and through a high-pass {ilter to the
gated mixer that selected the 110- to 180-pusec section for recordirg directly on Tape Channel
T-2. The Detector 2A current that was applied to the PCO was encoded by the latter, and the
PCO signal recorded on Tape Channel T-2 from 180 usec throughout the rest of the measurement.
The second use of the Detector 2A current was {or the measurement of the peak value of the sl o
14.2-Mev neutron {lux. This measuremen: was made by the normally closed peak reader on the N
compressed 14.2-Mev neutron signal {rom Log-R output, was held, and then was applied to VCO UERR Y
Channel 12. SRR

C.1.3 Li*1l. The Li*l scintillator was used to provide neutron detection in the energy region
below about 6 Mev. The signal amplitudes versus energy differed from the Pilot-B signals but
contained the same general features for the {lux spectrum measured. The signal current from
the L1°I detector was handled in the same way as for the Pllot-B and Detector 2A currents, ex-
cept that no peak reading was made. Tape Channel T-3 was used {or the gated signals (com-
pressed 14.2-Mev period and PCO-coded), and VCO Channel C was used for the time record of
the entire compre:sed signal.

C.1.4 Lil. A normal Lil scintillator, Detector 4, was included to measure background- -
gamma rays. The data from this detector was used to compensate for the effect of the gamma- p .}u .
ray sensitivity of the Li’l detector. The signdl currents from the latter received the same e ek
treatmen: as did the Li*l detcctor currents. Tape Channel T-4 and VCO Channel A were used
to record this signal.

C.1.5 Blank Detector. Detector 5, the blank detector, was identical with the other detectors
except that no scuwrtillator was present. The detector was used to measure any direct-radiation i
effects or electromagnetic-signal cffects on the circuits and photodicdes themselves. Signal
treatment was identical with that for Detectors 3 and 4. Tape Channel T-6 and VCO Channel 13
were used for this signal.

C.2 POD 4, SHOT TEAK

This pod was placed at a range of approximately 170,000 feet below the burst. At this low
altitude, the time-of-flight method oreaks down. Furthermore, because the {lux levels drop
off as the inverse time of arrival cubed (t™%, the radiation intensities and hence the detector
currents are small. In order that the detector sigral voltage could be large cnough, a high
impedance load was required. The Log-R compressors used in Pods 2 and 3 presented low-
impedance loads and thus could not be used. It was necessary to provide enough range of sen-
sitivity to bracket the uncertainties in estimated fluxes and in distance to burst by the use of
multiple detector channels.

C.2.1 Csl, Detector 1. This detentor integrated the prompt-gamma rays. Its signal was
impressed on VCO Channei 11 through the normally open gate of a peak reader, which was
contcolled by the timer (Figure C.2). In contrast to Pods 2 and 3, the timer prograz= was ini-
tiated by the gamma-ray signal from the Pilot B Detector 2B.

C.2.2 Pilot B, Detector 2. The Pilot-B scintillator in this detector contained approximately
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. .
three times the volume of scintillator material {n the Pilot-B detectors for Pods 2 and 3. This

increase in volume was required to give additional sensitivity. Two of the p.aotodiodes viewing
the scintillator constituted Detector 2B. The integral and ‘he peak value of the signal from- -
Detector 2B were measured by the normally closed integrate-and-hold circuit and by the ordi-
narily closed peak reader. The gamma-ray signal trom betector 2B was used to initiate the
timer program. The latter accomplished the following functions: (1) closed the gate of the
nurmally open gamma-ray integrator circuit at 650 ssec (these are typical times) after gamma-
ray arrival time; (2) opened the normally closed gates {or Detector 2B at 650 usec for a period
of 370 usec to permit measurement of 14.2-Mev neutron flux; and (3) operated the gated mixers
to select the direct signal for neutron arrival and PCO code for the balance of the measurement ] .
(see Detectors 3, 4, and 5, below). Detector 2A consisted of four photodiodes. [ts signal was AR i
integrated by a PCO whose output amplitude modulated the transmitter directly. This detector S T -
channel measured the total dose accumulated during the flight of the pod. : e

C.2.3 Ptilot B, Detector 3. Detector 3 consisted of 2 scintillater similar to that in Cetectors o _
2A and 2B, except that all six photodiodes were used in parallel to proevide maximum sensitivity. U i
The neutron-signal current was presented to VCO Channel E. The signal was also recorded Y
directly on Tape Channel T-2 for a period of 370 usec, which started 650 usec after gamma- e
ray arrival. From this total time lapse of 1,020 usec to the end of the measurement, the neu- SR
tron signal was measured by the PCO and recorded also on Tape Channel T-2. At "‘s

C.2.4 Pilot B, Detector 4. This detector channel was identical to the channel in Detector 3,
except that its sensitivity was a factor of 6 smaller. Tape Channel T-3 and VCQ Channel C
were used f{or Detector 4.

C.2.5 Blank, Detector 5. This detector channel duplicated the channels in Detectors 3 and
" 4, except that no scintillator was used. Its output was a measure of interfering signals result-
ing from gamma-ray and electromagnetic effects on the detector circuitry and photodiodes.

C.3 POD 4, SHOT ORANGE

This pod was identical to Pou 4 for Shot Teak, exc>pt {or di{ferences in timing. The gate
signal operated 330 ysec after gamma-ray arrival, at which time it provided a pedesta} 180
usec long (Figure C.3).

C.4 GENERAL DESIGN TECHNIQUES

Printed-circuit techniques were used for all of the detector electronics. Figures C.4 through
C.15 are schematics of the various circuits indicated in che block diagrams of Figures C.1
through C.3. Figures C.16 through C.27 are photograplis of the individual prinied-circuit com-
ponents and the chassis-mounting arrangements. The calibration of the overall system includ-
ing the calibration of the detector electronics is discussed in Appendix D.

C.5 INTERNAL TIMING FOR DETECTOR ELECTRONICS

The measurements made in the pods employed electroric switching {n order to make maxi-
mum use of the available information channels. The timas at which the switches operated were
determined from neutron-flight times. Because these times were different for each pod, it was
convenient to define certain time intervals in terms of the time of flight:

t, = time of arrival of prompt-gamma-ray pulse; all times in the pod are measured
{from this time
tye = time of arrival of a 14.2-Mev neutron
Aty = full width of 14.2-Mev neutron pulse
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T, = delay time from t, 1o a time before t;, chosen so that all neutrons arrive after
t, + T,. The value for T, was made short enough to allow for pod position
errors of =10 percent.

=ty — ty — Aty = t,/10

AT, = time interval chosen to include the 14-Mev neutron group; the width of this time
interval was made large enough to go from T, to a time that would include all the
direct 14.2-Mev neutrons with a pod position error of +10 percent.

2 [\At“) & (t“/IO)]

tota} time of the neutron measurement; AT; extends from T, to the end of the
measurement as determined by the recorder program.

"

AT,

In terms of the velocities of the gamma rays and neutrons, the difference in arrival time is:

ty - ty = Rkm —W = 16.12 Rk Hsec
CVy

Where: Rgm = slant range from detonation point

¢ = gamma-ray velocity

vy = velocity of 14.2-M:v neutron
then,
17.7
My = 5 Rym msec = 1.962 Ry, usec.

C.6 INTERNAL DETECTOR PROGRAM

The internal program for the detector circuits was operated from the prompt-gamma-ray
pulse. This pulse initiated a delay T, (Table C.1 and Figure C.28) {rom the gamma-ray pulse
to a time just before the first neutron arrivals from the 1i-Mev group. The delay T, was
different for each pod and 'as made short enough to allow for pod-position errors. At the end
of the delay, a univibrator was ficed, providing a gate AT, that shut off the prompt-gamma-ray
integral gate for the remainder of the measurement time. The T, signal also actuated a uni-
vibrator of duration AT;, chosen to encompass the arrival of the 14-Mev neutron group. The
signal was used to open the gate for the 14-Mev neutron integral and peak measurements. It
also operated the gated mixers by switching the open gate to the output of the Log-R {or the
14-Mev signal and hack to the 100-kc PCO for sampling the output during the neutron time his-
tory after the 14-Mev group. The timing signals were all presented to a 10-usec univibrator
and recorded on Tape Channel T-1.

C.7 DETECTOR DATA OUTPUTS
The outputs from the detector electronics in Pods 2 and 3 were as follows:

RDB Channel E, neutron time history from Pilot B

RDB Chrannel C, neutron time history from Li‘

RDB Channel A, neutron time history [rom normal Lil

RDB Channel 10, prompt-gamma-ray integral from Csl

RDB Channel 11, 14-Mev neutron integral from Pilot B

RDB Channel 12, 14-Mev neutron pcak from Pilot B

RDB Channel 13, time history from hlank detector

Direct Tape Channel T-1, tire-signal record

Direct Tape Channel T-2, 14-Mev direct signal plus the PCO record of neutron
history from Pilct B
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Direct Tape Channel T-3, same from Li‘l

Direct Tape Channel T-4, same from normal Lil

Direct Tape Channel T-5, same {rom blank detector

Direct Tape Channel T-8, calibration for VCO's

Direct Tape Channel T-7, VCO composite from summing amplifier

Direct Tape Channel T-8, spare
The real-time output amplitude modulated the transmitter directly and continuously.

C.8 MAGNETIC-TAPE RECORDER

The data was collected during a period in which total blackout was expected. Reliability of
the telemetry link required the use of a data-storage device. The purpose of the magnetic-tape
recorder was to overcome the limitations inherent in the use of real-time telemetry, namely,
blackout susceptibility, limited-{requency band width in RDB channels, and limited number and
kind of channels.

The pod data-recording system was composed of several subcomponents including electronic
data-coding devices, a continuous-loop magnetic tape recorder, a sel{-programing system play-
back amplifier, and a commutator. The tape-recorder unit consisted of a continuous loop (about
10 inches in circumference) running at 60 in/sec. The total recording time was about 160 msec.
There were eight data tracks on the magnetic tape. A high-ifrequency (350 kc) bias signal was
provided, amplified, and mixed with the data signal. The same signal was used to drive the
erase amplifier (Figure C.29). Seven impedance-converter channels were used to prepare sig-
nals for recording and to provide proper recording current to the recording heads. Five of the
impedance-converter channels were compensated to emphasize low-frequency response, which
was required for the direct recording of detector currents. The remaining two channels were
linear mixers, one of which constituted the RDB subcarrier complex and its calibration and the
other the direct timing signal.

Eight RDB VCOQ’s were used in multiplex to provide eight channels of narrow-band-width
information. A 100-kc reference signal was included in the RDB complex to supply a means
for compensating tape-transport speed fluctuations.

A linear impedance converter impressed the RDB data complex on one track and the RDB
calibration complex on a second track. The remaining six tape tracks were used {or the more
rapidly varying signal currents, which required greater {frequency band width than that alforded
by the RDB subcarrier. These last six tracks could record signals with rise times shorter than
10 usec. The {ive compensated impedance converters were used for data channels. The re-
maining linear impedance converter was used for the timing record. An integrated control
system permitted exterior manual control of functions and transfer to interior automatic cuntrol.

Figure C.29 is a simplified block diagram of the RDB recording channel shown in the record
mode. The VCO is calibrated by impressing a regulated 3-volt-dc signal to swing the VCO out-
nut frequency. The VCO is adjusted to a predetermined {frequency deviation for this condition.
Another calibration point is the preset center-{requency output, or arbitrary zero point. Infor-
mation signals vary the VCO output frequency in proportion to the instantaneous input-signal
amplitudes. The output signal is added to the bias-oscillator signal (350 kc) and is applied to
the magnetic tape through the record head. The summing amplifier is a linear amplifier used
to combine the many VCO outputs introducing intermodulation distortion in the mixing process.
During the playback mode, the record and erase ieads are short-circuited. The playback sys-
tem operates continuously.

A scparate record-erase-playback head combination is used for establishing the calibrated
output {from the VCO. Prior to actual use of the head, an external calibration-erase switch is
actuated to erase any spurious signals present on the tape.

Figure C.30 is a simplified block diagram of an amplitude channel shown in the record mode.
The information input and bias signal (350 kc), after being processed in the impedance converter
and the isolation amplifier, are added in their common input to the record head. The erase
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head continuously erases, except when the recorder is in the playback mode. The ganged relay
contacts shown in Figure C.30 are transferred {or playback-mode operation.
Figure C.31 iiiustrates, in simplified block-diagram form, the basic system transfer channel

“ that ¢ontrols the tape recorder so that it {s automatically transferred from record to playback

mode. The transfer initiating pulse causes two one-shot multivibrators to change operating con-
ditions in sequence so that Relay K 310 removes energizing current {rom the record-playback
Relays K 411, K 412, K 413, and K 414 at the completion of the data-recording interval. The
relays ground the inputs of the record heads. The playback condition then continues for repeated
playback of the recorded information. The holding contacts of K 310 are available for control by
an external program. This makes it possible to make trial runs of the recorder prior to the ac-
tual test measurement and also provides the means to calibrate the amplitude channels just be-
fore the actual run.

The input signals presented to the equipment must be limited to 7 volts, peak to peak. The
tnput impedance 18 about 100,000 ohms in the compensated channels and about 500,000 ohms in
the uncompensated channels.

Three types of program control of the recorder were provided in the pods. A stepping relay
(ledex) energized through the umbilical connector at the bottom of the pod, provided a choice of
three conditions: internal power (batteries), external power, and off. The second program
control was initiated at ejection, and after suitable delays, the recorder and all other compo-
nents in the pod were put through the automatic in-flight self-calibration sequence. The third
program control was {nitiated by the gamma-ray signal, which triggered the one-shot multi-
vibrators which, in turn, transferred the recorder from record to playback mode.

C.9 TELEMETRY TRANSMITTER

The transmitter used to telemeter the information presented by the recorder was a modifi-
cation of the Tele-Dynamics 1002A. The transmitters were crystal-controlled at frequencies
of 237, 239, 241, and 245 Mc.

C.10 POD CONSTRUCTION AND ANTENNA SYSTEM

The instrumentation described above was adapted to pcds designed and tested by ABMA
during the test-launching of Missile 45 at Cape Canaveral. Minor structural modifications
within the pod were necessary to accommodate the instruments, and a special umbilical clo-
sure system, to maintain the integrity of the electromagnetic shield, was added. The tail
section of the pod was insulated from the main instrument portion. The transmitter output
(unbalanced to ground) was connected with Lhe instrument section as ground and the tail section
as the driven element. In effect, the pod became a half-wave dipole driven at the center. The
use of a shorted stub turing element, adjusted [or proper loading, gave the added advantage of
preventing the entry of electromagnetic signals. The electromagnetic-wave impedance across
the insulated section was nearly a short circuit for all frequencies below the transmitter oper-
ating {requency. Because the {requency spectrum of the electromagnetic effect had negligible
components above 100 Mc, the pod was an effective shield against such effects. The pods were
tuned individually for minimum-standing-wave ratio prior to use.

The instrumentation was designed for operation at one atmosphere, thus requiring that the
pods be pressurized. All pod joints were provided with gaskets to maintain atmospheric pres-
sure. Suitable valves were installed to permit pressure testing and flushing with dry nitrogen.
This flush removed the air and yielded an inert atmosphere inside the pod. During discharge,
the batteries generated hydrogen gas and the nitrogen atmosphere prevented an explosion, which
could occur if air remained in the pods.

C.11 INTERNAL POWER SUPPLY
Several types of batteries were considered {or use in the pods. From among these giving
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’ the maxiinum energy per cubic inch, the Yardney silver cells were chosen, because they had
) a lorm factor compatible with the avallable spaces within the pod.
n ¥ The Yardney cells were rechargeable and were prepared {or use as follows: (1) Cells were
: “  f{illed and allowed to stand for 72 hours. (2) A forming charge was given the cells. (3) The
cells were discharged. (4) The cells were given the final charge as near flight time as possible.

Each pod contained battery packs as follows: (1) B-supply made of four pacxs of 34 and four
packs of 30 Yardney HR-02 cells, all in series; (2) supply for filaments and motors made of
three packs of 14 Yardney HR-01 cells, in series parallel; (3) C-supply for regulator reference
and circuit bias made of six 30-volt Burgess U-20 dry cells, (4) C-supply [or Log-R btas made
of two pacxs of 30 Yardney HR-02 cells; and (§) high-voltage supply power source made of {ive
Yardney HR-02 cells.

The high voltage required by the detector photodicdes was provided by a transistorized
2,500-volt supply manufactured to NRL specifications. Semiconductor devices are susceptible
to damage by large neutron and gamma-ray fluxes. In order to avoid the effects of transient
neutron damage, the high-voltage supply was used to charge a bank of filter condensers chosen
large enough to provide all the detector current without dropping below the detector-voltage
saturation level. Rectification in the transistorized supply was effected by use of vacuum di-
odes instead of the customary semiconductor diodes. The use of vacuum diodes was necessary
to avuid puwer-supply shorting that could result {from neutron and gamma-ray damage to semi-
conductor devices.

> m o e e -

C.12 RECEIVING ANTENNA

A standard 4-turn helical antenna was used for telemetry reception. The directivity gave
a gain of approximately 10 decibels. The major lobe measured approximately 20 degrees half
angle in both vertical and horizontal planes (with the antenna pointed in a horizontal direction).
Figures C.32 and C.33 give the vertical and horizontal field patterns.

The three receivers (one for each pod) were all coupled to the single antenna by means of
a multicoupler which isolated each receiver and prevented interaction between them.

C.13 RECEIVER-DISCRIMINATOR SYSTEM

Telemetry receivers 1670E, supplied by the Nems-Clark Company, were used. The IF
band width of this model is 500 ke, and the noise figure is 10 decibels. The signal-level cur-
rent was brought out of the receiver for recording on the oscillograph (Figure C.34). The
video signals from all receivers were recorded directly on the tracks of an Ampex FR-100
tape recorder. One of the receiver outputs was connected to the data-reduction discriminators
during the flight of the pod. The video signal from all the receivers was recorded on film by
means of six Tektronix 541 oscilloscopes and six DuMont 321-A continuous-motion {ilm-strip
cameras. Two oscilloscopes with cameras were used for each receiver channel.

During Shot Teak, film speeds and sweep rates were chosen to give a raster on the film,
each sweep of which was fast enough to resolve the data. The total {ilm time was long enough
to follow the pod from burst time to the end of its flight.

During Shot Orange, the shorter pod-{light times permitted tie use of the film motion for
the sweep, and the signal merely deflected the scope spot. The two scope camera units per
pod were used to provide backup in case of camera failure.

C.14 DATA-REDUCTION SYSTEM

The data-reduction system provided for the field installation was incomplete, including only
the minimum necessary components for purposes of prelimirary data reduction. Figure C.34
L gives the block diagram for preliminary reduction of RDB subcarrier data. The discriminators
(3 selected the subcarriers and decoded them. The data output of the discriminators was recorded
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on a Consolidated oscillograph. The data on the oscillograph paper had to be further reduced
in the {ield by direct manual methods.
The tape-speed-compensation system 18 an Integral part of the data-reduction equipment.

“ A crystal-controlled osctllator provided a stable 100-kc signal record on the pod tape recorder
during the record cycle. The signal was transmitted as a part o the RDB complex and was
separated at the ground station by the 100-kc discriminator. The output of the latter was a
measure of all tape-speed variations and was added as a speed-compensating correction. The
preliminary data available in the {leld was obtained by manual measurement of the recefved
signals, wiich appeared oa the oscillograph print and on the camera {lim.

TABLE C.1 PLANNED INTERNAL PROGRAM TIME INTERVALS

Slant T T AT AT
Pod - 1 1 1 1
Range =ty Bty 1,/10 Calculation Setting Calculation Setting
- km usec usec  usec usec usec usec usec
5 Teak 2 9.48 152.8 18.68 18.2 116 110 73.¢ 170
_‘ Teak 3 15.50 250 30.4 29.8 1%0 180 120.4 100
iR Teak 4 52.62 849 103.2 101 648 650 408 370
S Orange 2 9.69 156.2 19 18.¢ 118.68 110 78.2 10

T Orange 3 14.71 27 28.9 28.3 180 180 114.4 100
i Orange 4 25.46 410 30 48.9 311 330 197.8 180
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Figure C.1 Detector electronics, upper pods for Shots T¢
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-~ 4 Cats -O Ao A & Covs oA Low 17y
(<2 3
o Ly
T
4 .1 ]
240 L] 3
* ’ ) - ]
=] [& D EL ==L
e ) S EF
vosr [T s rocr
) b 297
e 2o
<"
ca 1
£09,qrede, 1100 sowt CouD r00nc #c.a 100 £C FPCa
L £ cOnr) ACO w? ) a0 ¢
fro0CrRul 49 -£4 SO XC Sania®y Soxc BaoRy
o &‘ ARy ! A 2TOR
~Tarsre . o
[} o
I [ 57 —d
ronry o Lo --4-—
- yov (LoD ww’r reslh H 7] g‘w
ALY OO (17 mecr) (179 myr}
Pt
pe-o & po-ar P
4
~ev - ‘
[ T4 ;
o 4 Cane 9 d ase e ACOmS foa coar F reu Coey F 5 a Comy o 4 COmr
o By dney » I By rv * v sm IV S
Arag T o p-v p wes

oy

L

- —




A R H Sl M A el M Mt i A B Sl B 4 (el SR B et B B B Al S e et Ut St et Mgl San il b Sad ads Beis Sk Sade diai s o s ima o
ils
B,
i_-
v.‘_-
I-_'_
‘I
E.‘ H
’
c..
s
e ' '
o
e
a4
20
.30 L #o
frroa ”~oa oo
. e -~ »e o L oled - o0
» . oma oo o . Yy
[
N
i L
't
L.
ary oy o
MG /v JE-SONG-S
soun ax
/oku.-'.'.-
’
o 4 f o8
«J r -] =

k. Ty Figure C.4 Detector cathode follower.




e et ol i i il WA DA et b’ Al "Rty v Y v
[J SO DI A SR DU s -l Al e e s h e e B e E T TETE TR TR L VAN UM 4 e vl i e
o
::}'

‘.)J'

. ndE
. Lo — JE——
1 - -
I, -
—_—
LEn Y
a -~ F - - *
- it n sae
i -i"_-: -
- -
r i ’
] - &
Ll |
T e 1 B X - oy -
- L) om e,
' T {& - e L P
ey & [ e &
i 1 3
- L4
h.". .-- L, * L
- o " T ',f‘
k= —l F 9 .
r [ - L]
——————————— — i — e — | — ]

Figure C.4 Detector cathode follower. r \

o2 N = ~ e S . - Y
S - - et oA - [ - ~ -\ - =3 - -t '." (e ‘h-‘ ‘..\ - h..'
ataa et et et S Y e o 3 an m at gt P




i u.-v_fr"‘ﬂ‘v“l?_ RSt il ol i Sl it el L B ARG Al S0 TYWwTerTT

EEEEECLELEL

Figure C.5 Signal limiter.




ofisfaficiofagak

Figure C.5 Signal limiter.
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